This paper describes the development of a structured approach to evaluate the experiential and communication virtual learning environments (VLEs) that were designed specifically for use in the education of children with severe learning difficulties at the Shepherd School in Nottingham. Constructivist learning theory was used as a basis for an evaluation framework and analysis method to evaluate the behavior of the participants as well as the quality of the design of three different VLEs. From an observational field study of student-teacher pairs using the VLEs, eighteen behavior categories were identified as relevant to five of seven constructivist principles (Jonassen, 1994) . The analysis of student-teacher behavior was used to provide evidence for (or against) how the VLEs met the constructivist principles. Results of this structured evaluation indicate that the three VLEs meet the constructivist principles in very different ways. This paper concludes with recommendations for appropriate design modifications.
Background

Overview
The Shepherd School in Bilborough, Nottingham, is the largest school of its type in Britain, comprising 160 students with severe learning difficulties (SLD) and profound and multiple learning difficulties (PMLD); the school has received commendations for its innovative approach to teaching. Many of these students' disabilities are compounded by motor skills disabilities. (For the purposes of this paper, all of these students will be described as having special educational needs (SEN).) Students with SEN can experience problems in dealing with abstracts and often learn directly through experience with the real world. To articulate an understanding of their environment, they might use the Makaton directory of words, signs, and symbols (Walker, 1976) . In addition, creative work-such as drawings, pictures, and textured three-dimensional models-are employed as communicational and expressive media for SEN students.
The ability to learn directly through experience depends on the range and complexity of the experiences that are offered. In an educational environment, these experiences may be restricted due to the limited number of real-world artifacts that can be provided in a classroom setting, and there are certain logistical problems in regularly taking a group of SEN students out of school in search of richer environments.
In 1991, the Virtual Reality Applications Research Team (VIRART) at the University of Nottingham, UK, initiated the Learning in Virtual Environments (LIVE) program (Gray Cobb, Brown, Eastgate, & Wilson, 1993; Brown, Kerr, & Wilson, 1997b) . Discussions with teachers and students at the Shepherd school explored how virtual reality (VR) technology in general-and virtual environments (VEs) in particular-might be applied in the special-needs classroom. The initial reaction from the school, after a demonstration of desktop VR (operating originally on a 486 PC, using the Superscape Visualiser platform with joystick, touchscreen, or mouse input devices), was extremely positive. The enthusiasm centered around the three-dimensional nature of the medium, the freedom to roam around the environment in an autonomous manner, and the interaction with objects via a mouse or touchscreen to enter into a dialogue with the world. These features were not readily available in the other computer packages that were commonly used at the school. The main interest in VEs at that time was to provide an additional teaching aid to support the variety of tools already used. Following initial trials at the school, it became apparent that VEs could provide a teaching medium that is ideally suited to the way in which these students learn, offering a range of experiences that could not otherwise readily be found in a classroom. Obviously, such experiences could not replace real-world counterparts, but they could be used to prepare the students for them by filling in educational ''experience gaps'' that are caused by factors such as overprotective parenting, mobility problems, and cognitive deficits. Initially, this foray into special-needs applications of VEs for SEN students was informal and somewhat unstructured, with no guidelines on VE building nor its application in education. Our approach was very much based on trial and error with continual modification of the virtual learning environments (VLEs) in accordance with recommendations from users, teachers, and researchers. During the following seven years, we developed more than twenty VLEs within the LIVE program in three application areas: experiential environments in which students can practice everyday life skills; communication environments in which students are encouraged to develop their speech, signing, and symbols skills; and personal and social education environments-perhaps the most ambitious of all-in which students can investigate appropriate behavior in public situations.
Previous Evaluations
Over this development period, we have undertaken a continual program of testing the VLEs developed for special needs education. The evaluations have had varying degrees of formality and structure and culminate in this paper's structured evaluation of how SEN students participate with VLEs. First however, we briefly review an earlier series of evaluations.
Identification of Virtual Objects. The
Makaton virtual environment displays Makaton symbols in a virtual room (termed a warehouse) together with a range of virtual objects representing their meanings. When activated using the mouse or a touchscreen, a virtual mannequin signs and speaks the word associated with the symbol. Students were given the opportunity to navigate around and interact with a series of environments, encountering new symbols and their corresponding objects and signs. Then they were given a random Makaton symbol and a range of four objects, one of which actually represented the meaning of the displayed symbol; a correct association between object and symbol activated the reward sequence of sound feedback and a goodwill gesture from the mannequin.
Eight students between the ages of eleven and eighteen were selected by teachers as being toward the upper end of ability for SEN students. Findings of an informal evaluation program (Brown, Cobb, & Eastgate, 1995) were that SEN students were able to access VLEs and that these VLEs can be used in support of standard teaching methods. However, it was evident that several of the participants had difficulties in manipulating either the spaceball or the mouse, preferring to touch the screen and point at the objects that they wished to interact with. Adapted devices may facilitate wider use.
Appropriate Input Devices for Virtual
Learning. Input device design is only one of the problems facing SEN students interacting with VLEs; but, for a medium that prides itself on being intuitive, this is a critical flaw. Our initial research concentrated on population stereotypes and used primitive VLEs to test the ability of SEN students to navigate around and interact with virtual objects. Joysticks with limited degrees of freedom were the easiest navigation device for this user group to control, but interaction through mouse and touchscreens caused more problems (Brown, Kerr, & Crosier, 1997a) . Amongst potential new devices specifically suited to the needs of SEN students in virtual environments, we developed the Mojo, a seat-based movement platform that is particularly suited to the needs of students with little fine arm motor control (Lannen, 1997) . The rocking motion of a student controls this device, with forward, backward, and side-to-side rocking motions corresponding to similar movements in the VLE. Initial tests found that this relatively natural form of input was acceptable to the particular user group and was particularly suited to environments in which a sense of movement is an important feature.
VLEs to Encourage Self-Directed
Activity in SEN Students. In collaboration with the Department of Learning Disabilities at the University of Nottingham, we assessed whether VR promotes selfdirected activity for SEN students, or whether teachers were using it in a more conventionally didactic manner (Standen & Low, 1996) . Eighteen student-teacher pairs were selected and observed (the former with mean scores on the Vineland Adaptive Behavior communication subdomain of 14.4 for receptive and 21.2 for expressive, indicating levels of low to adequate communicative ability). The structured categorical analysis of between four and ten learning sessions of up to twenty showed that, with repeated practice, students took progressively more control over interaction with the VLE, and increased their Makaton vocabulary as a result.
Transfer of Skills
From a VLE to the Real World. Another earlier study carried out in collaboration with the Department of Learning Disabilities at the University of Nottingham assessed whether SEN students could transfer skills learned from a VLE into the real world (Standen, Cromby, & Brown, 1998) . A virtual supermarket was used to investigate whether some of the component skills involved in shopping could be successfully rehearsed in a VLE in preparation for shopping in the real world. Twenty-three participants between the ages of fifteen and nineteen-who were familiar with VLEs and had sufficient motor skills and visual ability to use a computer terminal and joystickwere assigned to either an experimental or control group. Results indicated that students who had been trained in the virtual supermarket were able to identify and select objects on their shopping list faster and with more accuracy during an shopping expedition in an actual supermarket than were students who had no VLE training.
Need for a Structured Evaluation
The series of evaluation exercises and anecdotal feedback from students and teachers over a number of years seemed to show that VLEs can be useful tools in the education of SEN students. However, the evidence we had did not provide enough insight for us to be able to say which VLEs worked better than others, nor how and why. To be more confident in our conclusions and to better support the wider user-centered VLE design and evaluation program that we initiated in 1996/1997, we wanted to examine in detail just how SEN students participate with VLEs, using education theories to predict and explain any observations. This paper then describes the structured evaluation of three VLEs in actual practice, the first study of its type. The structured evaluation method is based on constructivist education theory, and has a predefined behavior categorization to support analysis and interpretation of findings. The evaluation outcomes are reported in terms of what they tell us about VLE use by SEN students, and also how they lead to recommendations for VLE redesign.
2
Description of the Virtual Learning Environments Evaluated
Experiential Environments
The domain focus for virtual environments created to provide experiential learning were suggested by the staff and pupils at the Shepherd school; these environ-ments are a house, a supermarket, driving a car, and snow skiing. The house and the supermarket were used in this evaluation study and are briefly described below.
Virtual House.
This environment consists of a kitchen, dining area, living room, and bedroom. The kitchen is fully interactive, with opening cupboard doors, a cooker with functioning knobs, and a working sink. Within the kitchen, an embedded sequence guides the student in an appropriately safe way to make a cup of coffee. For example, if the kettle is switched on without first filling it with water, warning messages (appropriate for the SEN group) are given and the user is instructed to switch it off and fill it with cold water before proceeding. In this way, the kettle can be filled, the water boiled, the coffee poured in the cups, the cups filled with hot water, and the milk added. (See Figure 1.) 2.1.2 Virtual Supermarket. This environment consists of a medium-sized supermarket (eight aisles) selling a range of approximately sixty products. The student enters the supermarket and pushes the trolley around the aisles (using the joystick). Using their own initiative, the student can select goods (using a mouse or touchscreen) to place in the shopping cart. When the student is satisfied that all the items have been chosen, the cart is pushed to the checkout counter, onto which the goods can be placed. A coinage system then appears on the right-hand side of the screen, and the appropriate money can be selected to pay for the goods. (See Figure 2.) 
Communication Environments
It is important that SEN students develop an extensive communication facility to the best of their abilities. This faculty gives them the ability to develop independent living skills, and is important for self-esteem and in building personal and social relationships. The Makaton communication system is an adapted vocabulary for British Signed Language, promoted and developed by Margaret Walker and others since the early 1970s (Grove & Walker, 1990; Kiernan, Reid, & Jones, 1979; Knowles & Masidlover, 1982; Walker, 1976; Walker, 1985) . It is a system developed for learning-disabled people in the UK who also experience communication problems regardless of any hearing loss.
Traditionally, students learn Makaton symbols and their meaning via picture cards and, where possible, exploration of real objects. However, the range of objects that can be brought into the classroom is limited. One of the problems with this approach then is that it often relies on 2-D abstracts (picture cards) to teach the meaning of another abstract (Makaton symbols). In a VLE, we can let the student encounter a range of 3-D interactive objects (for example, cars that they can ''get into'' and drive around a virtual city to show the function of a car and its typical context). In this way, we believe the student can more readily make an association between the symbol and its meaning. In the same way, many experiences-representing meaning for the Makaton symbols-can be brought into the classroom. shows an example of a VLE to teach the Makaton symbol and concept of ''telephone.'' The student is free to roam around the area on the right side of the screen, using a joystick to move and a touch screen or mouse to interact with the 3-D objects that represent the meaning of the Makaton symbol. In this case, the telephone will ring, and the student must answer it by lifting the receiver. This environment also illustrates examples of telephones found in different contexts (domestic and public), so that students can identify generic object groupings (e.g., telephones of different sizes, shapes, or colors still have the same functions).
Next, the student can use the touch screen or mouse to activate the signing sequence of the mannequin in the top-left corner. At the same time as signing the word for telephone, the mannequin will say the word via the PC speaker system. To reinforce the learning process, the student is encouraged to say and sign the word in response to the mannequin. Throughout all of this, the Makaton symbol is constantly displayed in the bottomleft corner of the screen. Using the function keys on the PC keyboard, the student can explore separately four different Makaton symbols in each Makaton environment. (Twelve environments have been developed to date.) They are then given an opportunity to demonstrate their learning by selecting the appropriate object that is associated with randomly displayed Makaton symbols. (See Figure 4.) 
Education Theory
Many authors have promoted the role of VEs in an educational setting (Lanier, 1991; Pantelidis, 1993; Stuart & Thomas, 1991) , although there has been little formal attempt to evaluate its value. It is not surprising, then, that there has also been little structured evaluation of learning and skills transfer when using VEs in specialneeds education. The few controlled studies that have been carried out have examined familiarization of real environments using VEs (Foreman, 1993) and transfer of shopping skills learned in the virtual supermarket to a real shopping experience (Standen, Cromby, & Brown, 1998) .
The project reported here took a rather more fundamental approach to examine and evaluate the basis on which VEs are developed and implemented to aid education. It was decided to base the assessment of the VLEs around constructivist theory, which was chosen to represent a more appropriate approach to education than alternative models (such as ones of objectivism). The application of constructivist principles to VE design has been proposed for a variety of training and education applications (Winn, 1993; Grove, 1996) . Winn (1993) states that ''constructivism is the best basis for building a theory of learning in virtual environments.'' The basis of this view lies in constructivism's applicability to instructional design, which is recognized by a number of educationalists (Bonner, 1988; Cham- pagne, Klapfer, & Gumstan, 1982; Tennyson & Rasch, 1988) . The determination of constructivism as an appropriate education theory for evaluating VLEs stemmed from the examination of the VE attributes that may be considered to support learning. Over the course of the LIVE program, we have identified seven characteristics of VEs that are suited to learning (Brown, Mikropoulos, & Kerr, 1996) . They were intended to define the reasons why VLEs are particularly suited to constructivist theories of learning, especially within special-needs education. These VLE characteristics are summarized in Table 1 .
Constructivist Principles
Constructivism supports the role of learners as active participants, allowing them to build their own intellectual structures. Relevant theories are largely based on Piaget's views that people accommodate new information by reflecting on their existing knowledge and finding a place to fit it in (Piaget, 1950) . Thus, underlying mental models are used to understand new problems (Merrill, 1992 ). Vygotsky's theories emphasize how social experiences also affect how people learn (for example, the learning situation itself and the role of the teacher/instructor will influence the learning outcome) (Vygotsky, 1978) . Learning is considered not just as an individual internal process, but a process where knowledge is shared and built up from social interactions (Bruner, 1986) . Constructivist theorists suggest that people structure their experiences of the real world, imposing different, individual meanings and perspectives on the same events. Jonassen (1994) has devised seven principles of constructivism, which are intended to guide the design of learning environments that will facilitate knowledge construction and form a set of heuristics defining the goals of a constructivist design model. Other authors have produced similar classifications (Cunningham, 1993; Black & McClintock, 1996) , but we felt that Jonassen's classification provided the clearest basis upon which to evaluate the LIVE program. However, where these other classifications have proved useful we have used them, at least in part. Jonassen's constructivist principles were reinterpreted for the current study so that they could be used as criteria upon which to evaluate the design and use of the VLEs.
Jonassen's seven principles of constructivism are explained below.
1. Represent the natural complexity of the real world. It has been suggested that representing true complexity will aid in the understanding of concepts (Bednar, Cunningham, Duffy, & Perry, Table 1 . Virtual Environment Characteristics VE use may encourage self-directed activity. Complete control of navigation and interaction is given to the student. This facilitates active involvement in the learning process. This is particularly important to SEN students as they experience so little control over many aspects of their lives. Motivational. A well-designed VE should encourage the student to participate in their own learning experience. Naturalistic learning. The VE is three-dimensional and looks like its real-world counterpart. Learning concepts can be demonstrated visually without additional explanation, and can be described as using natural semantics (Bricken, 1991) . Where textual information is included, these messages are supported verbally and/or with symbols. This means that learning concepts can be acquired irrespective of learning disability, literacy level, or cultural difference. VEs can provide a safe space in which the student can experiment with ''what happens if'' scenarios and explore the consequences of their actions. Desktop VEs offer shared public experiences. Both student and facilitator can share and discuss the environment and the consequence of actions. This may facilitate assisted learning. VEs can act as an equalizer of physical abilities. Provided the student can operate the input devices (which may be specially adapted for them), they can make use of the same learning experiences as other, more physically able students.
1992). In the real world, complex inter-relationships determine how and when certain concepts are used. Oversimplification of a simulated environment may result in oversimplification of the understanding of concept, limiting its use and relevance in new cases and potentially leading to misconceptions (Bransford, Goldman, & Pellegrino, 1992) . 2. Focus on knowledge construction, not reproduction. The traditional educational approach is of learning abstract concepts through repetition; it aims to communicate information and then test the success of the communication. Knowledge construction, on the other hand, must be nurtured by its environment; it involves the construction of information learned through exploration, experience, and negotiation (Brown, 1989) . Rather than simply acquiring abstract facts, knowledge construction can be seen as acquiring the ability to make sense of the situation, and may be demonstrated by the ability to construct plans in response to situational constraints (Duffy & Jonassen, 1992) . 3. Present authentic tasks. In the real world, tasks are carried out through direct manipulation or by using symbols that are closely connected with specific activities. These activities can be seen as a means to an end (Brown, 1989) . VEs can replicate this relationship, using realistic tasks that require skills similar to those which would be used to complete those tasks in the real world. 4. Use case-based rather than predetermined sequences. Building VEs to replicate their real-world counterparts should maximize the transfer of useful information applied in real-world situations. Brown (1989) advises that any learning environments should support student exploration without instructing and prescribing activity. 5. Foster reflective practice. Developing an understanding of an unfamiliar situation by viewing it as something similar to another situation with which the student is familiar allows them to draw upon their understanding and apply it to the novel situation. Reflection on existing mental models is used to infer, explain, and predict a new situation (Jonassen, 1994) . 6. Enable context-dependent knowledge. Many theorists agree that people are better at acquiring knowledge when it is specific and dependent on context. Duffy and Jonassen (1992) discuss Fogelin's theory that context is an integral part of meaning: if a concept is demonstrated in isolation, this may limit the student's understanding of its meaning. This, in turn, will affect the application of the information learned, and it may remain inert knowledge that is not applied to novel situations. 7. Support collaboration through social negotiation. In a good learning situation, students should be able to talk about their experiences and share their explorations. From these collaborations with others, many perspectives may be discussed, thus enabling students to develop and evaluate their ideas. In order to be meaningful, the creation of new understandings must be justified and explained with reference to prior understanding built upon existing foundations (Draper, 1995) . It should be a cooperative effort in which students try to understand and develop alternative perspectives. This is important since there is often a large gap between a teacher's and student's understanding (Perret-Clermont, Perret, & Bell, 1991) . The presentation of alternative perspectives supports discussion and its productive value in the construction of understanding (Brown, 1989) .
Evaluation of Virtual Learning Environments
The constructivist principles described above define features of a learning experience which, if adhered to, should enhance and facilitate the learning process. This study used these constructivist principles as the basis for a framework upon which to evaluate the utility of VLEs in special-needs education. It was considered that two of the principles represent solely design criteria for a learning environment (the other five represent both design and use). These two principles were ''Is the natural complexity of the real world represented?'' and ''Does the VLE provide real-world, case-based environments rather than predetermined instructional sequences?'' These principles could not therefore be assessed by observation of use of a VLE. Instead, they were used to provide a context for recommendations for VLE design.
First, we conducted a pilot study comprising general observation of nine students using each of the three VLEs (with support from their regular class teacher). These sessions were carried out under normal classroom conditions with no additional teaching support. This led to some problems, with the teacher trying to provide one-to-one assistance to the student using the computer but being distracted by other activities within the class. However, this approach also had the advantage of a naturalistic research setting. For practical reasons, it was decided to focus the study on the ''junior'' classes (aged seven to eleven), because they had no previous experience of using the VR system and so would highlight problems experienced when first using the programs. They were also considered less likely to try to ''perform'' when being assessed than some of the older, more proficient students. However, there was still a wide range of abilities within these classes, and it was considered that the lesser-able students, with low language and concentration levels, would provide a limited insight into the use of the VLEs. Moreover, significant nonverbal activity could make it more difficult to explicate the observed actions, and subjective interpretation could then be incorrect.
All of the teachers were given training sessions in the use of the VLEs prior to the study. This training included how to operate the computer, and how to navigate within (and interact with) VLEs. No instruction was given, however, on how the teachers should use these VLEs with their students.
Direct observation was used to record student-teacher behaviors and any problems experienced. From this, eighteen behavior categories relevant to the remaining five of the constructivist principles were identified. These behavior categories are described in Table 2 .
Observation Study
4.1.1 Participants. Six students used in the pilot study were selected for the observation study. The selection was based on their concentration, speech, and their ability to control the input devices. The students' abilities are summarized in Table 3 . Having participated in the pilot study, these students were all familiar with the three VLEs.
Method.
Observation of the use of the VLEs was performed using both direct recording and video recording of the student/teacher pairs in each of the three VLEs: the virtual house, the virtual supermarket, and the Makaton environment. All observations took place in the classroom, and teaching cover was provided to allow the teacher to devote all of their attention to the student using the computer. No time limits or other constraints were set.
Analysis.
The sessions for using the VEs varied from three to eighteen minutes. The videos were collected and analyzed in a number of ways but principally via a multiple-activity analysis of up to eight minutes per interaction. A multiple-activity chart allows coded behaviors to be recorded for the time that they occurred, and an examination of simultaneous and synchronous activities. Bales (1950) and Kounin and Gump (1961) used this method to code interactions and represent them simultaneously. It should be noted here that, typically in human-factors investigations, analysis of videotaped performance can take up to fifteen times longer than the original recording. That was particularly the case in this study in which a number of different behaviors were to be assessed. The purpose of the multipleactivity analysis was to track the progress of the students' attention on the VE and the learning tasks. An example is given in Figure 5 .
Behaviors supporting each principle were coded. Codes for principles 2, 3, 5, and 6 were developed from observing students using the VLEs in pilot sessions. The descriptions of constructivist principles were used to define behaviors that supported these principles. It was necessary to develop these codes, because existing mea- student is seen to follow rules and construct plans to achieve their objectives (e.g., move around banisters to get to stairs, or use a spoon to put coffee into the cup), it is considered that they are responding to constraints. This is not displayed if they repeatedly exhibit unproductive actions such as moving forwards into a wall or trying to select an object when too far away from it. 2.3 The teacher may assist the student's exploration by helping them to move the joystick to go where they want to in the VE. It is not assistive if the teacher takes complete control of the joystick and decides where to go in the VE. 2.4 The teacher may assist the student's interaction by positioning the cursor over objects requested by the student. It is not assistive if the teacher decides which objects to select. 2.5 By explaining the task ahead (e.g., reading and explaining messages on the screen), the teacher can enable the student to achieve greater and more complex goals. Principle 3: Present authentic tasks 3.1 The student may demonstrate an awareness of where they are in the VE and how to get to places (e.g., goes up the stairs to get to the bedroom). 3.2 and 3.3 The student may demonstrate that they are aware of the action effect of pressing the mouse button to select objects in the VE by purposeful selections (e.g., selecting items in the supermarket to put in the shopping trolley). Failure to understand this may be demonstrated by random pressing of the button and not positioning the cursor over required objects. 3.4 If the task is not too easy or too difficult, the student's concentration should be maintained and they should be able to complete the task alone or with assistance. The student may also display frustration and may even give up on the task altogether. Principle 5: Foster reflective practice 5.1 The student may display recognition of objects in the VE, based upon their real-world experiences (e.g., naming or describing objects seen in the VE). 5.2 The student may relate the situation presented in the VE to a real one, perhaps describing differences, where they have experienced it before, who uses objects, etc. 5.3 The student may reflect on a previous visit to the VE to explain a situation or help construct plans (e.g., remembering the location of an object or the sequence of events to pay for goods at the supermarket checkout). Principle 6: Enable content and context-dependent knowledge construction 6.1 and 6.3 This is displayed when the student responds to recurring features of the VE. For example, movement is achieved by moving the joystick, objects are selected using the mouse. 6.2 In order to complete tasks using the correct sequence, the student must have a clear understanding of the purpose of the task. The context of the task should add meaning and therefore assist the student in their understanding. Principle 7: Support collaborative construction through social negotiation 7.1 and 7.3 Models and recasts allow the student to observe a behavior and repeat it in the correct situation, producing immediate and appropriate use of a newly learned skill. Mands and direct questions give the teacher control over what the student's attention is focused on. 7.2 In responsive interaction, the teacher should follow the student's lead in action and discussion. sures would not give information relevant to these features of constructivism.
For principle 7, which measured collaboration and social interaction, a selection of codes used by a number of other researchers were used. Warren, Yoder, Gazdag, Kim, & Jones (1993) coded turn-taking and trainer requests for communication; Warren, McQuater, & Rogers-Warren, (1984) recorded occurrences of mands (non-''yes/no'' questions and instructions to verbalize), models (imitative prompts), and initiations made by children and teachers. Warren and Yoder (1994) described a constructionist approach to communication and interaction. They defined this as the use of models, recasts, and expansions of the student's communication attempts. The use of directives (elicited imitation, mands, and testing questions) were discouraged as they were said to disrupt the flow of interaction and the student's attentional engagement. This was used to determine which interaction categories would support constructivist use.
The multiple-activity analysis method allowed us to calculate the amount of time spent by either student and/or teacher exhibiting each of the behaviors listed in Table 2 for each of the three VLEs. This allowed comparisons concerning the amount of supportive behavior for each of the five constructivist principles.
Results
The results are presented in terms of qualitative descriptions of the evidence supporting or not supporting each of the five constructivist principles assessed in the observation study. It is emphasized that the evaluation study focuses on how well the VLEs support each of the constructivist principles; no judgment is made concerning individual student performances. Descriptions of the students' performances are used only to identify positive or negative features of the VLEs. Each principle and behavior category within them will be discussed in turn.
Principle 2: Facilitate Knowledge
Construction, not Reproduction. The observation study aimed to assess how the VLEs could be used to build the students' knowledge. This was assessed in terms of how much (and what type of) assistance is required or given by the teacher. (See Table 2 .)
Teacher assists and controls navigation.
It was observed in the virtual house that the teacher took a lot of control over navigation; indeed, many of the teachers reported difficulty in navigating around this environment themselves. Closer examination of individual student performances indicate that, although most of the children could maneuver around the individual rooms, teacher support was needed to navigate some aspects of the environment in which movement space was restricted (e.g., going through doors or using the stairs). In the virtual supermarket and Makaton environments, students took much more control over navigation.
The implications here are that students will be unable to demonstrate their knowledge construction if they cannot navigate the VLE. In this respect, the virtual house may restrict knowledge growth due to its navigation difficulties and consequent frustrations.
Teacher directs movement.
There were much higher instances of teachers directing movement in the virtual house and virtual supermarket than in the Makaton environment. This result reflects differences in the intended use of these VLEs, where the house and supermarket environments are more explorative and require navigation around the environment. There was a noticeable difference in the number of directions given from the individual teachers that was not related to differences in student abilities. This suggests that individual teaching styles may influence how the VLEs are used.
Teacher selects for student.
In very few instances did the teachers select objects for the student, indicating that the students were taking responsibility for the action in the VLE. Teachers did assist object selection on a student's request more frequently in the virtual house than the other VLEs. (This is possibly because the virtual house contains the highest number of tasks.) The type of selection assistance was also seen to alter in accordance with the student's abilities: less-able students requested assistance with simple selections, whereas the more-able students requested assistance with complex selections, such as dragging open doors or selecting money.
Teacher assists reading and explanations.
There was a difference in type of explanations given by the teachers in each of the VLEs. In the virtual house, many of the explanations related to the student's location in the environment, whereas, in the virtual supermarket, the teachers described products on the shelves and the paying system. Much less teacher explanation occurred in the Makaton environment.
Principle 3: Present Authentic Tasks.
The authenticity of the task may be exemplified by the occurrences of real-life skills. These may be displayed by a number of features when observing the use of the VLE: when the students are aware of their position in the environment, when they are aware of the effect of an action, and when they select a specific item. (See Table  2 .) In an authentic task, all actions should be seen as a way of reaching an objective.
Specific selections and effects of actions.
The vast majority of selections made were specific rather than random, indicating awareness of the action effect of the cursor and mouse (as well as a clear idea of what the student is trying to do in the environment). A much greater number of selections were made in the Makaton environment, not surprisingly as this VLE presents a predominantly selective (rather than navigational) task. In many instances, the students displayed frustration in the VLEs, particularly when action effects did not behave as they expected. For example, clicking on money in the virtual supermarket produced an increase in numerical value printed on the screen, but the coins themselves did not move. Worse, in the Makaton environment in which the student demonstrates their learning, a software bug caused the Makaton symbol to change too quickly following successful selection of its associated 3-D virtual object. This confused some students as they did not have time to acknowledge their achievement, and this type of error in a VLE is unacceptable.
Time spent in the VLE was used as an indication of student interest and concentration. Rather than demonstrating difficulty in use of the VLE, a greater task time was used to infer a greater involvement in the task. It was observed that, when students experienced problems or difficulties with interactions, they would lose interest and the corresponding task time would be reduced. Task times were found to be greatest in the virtual supermarket, followed by the virtual house. Much less time was spent in the Makaton environment, most likely because there was much less to do.
Principle 5: Foster Reflective Practice.
Seeing a situation as similar to another helps one to understand it. Recognizing an item from the real world will help in the understanding of its purpose in a new situation. Examples of recognition of real-world objects and reflections were used in support of this principle. (See Table 2 .)
Recognition of Objects.
The number of objects that were correctly identified varied between the three VLEs with the highest success rate being in the Makaton environment. This is most likely because the aim of the Makaton environment is to teach object recognition and understanding. In the virtual house and virtual supermarket, many of the objects in the environment are there to provide context and may not be part of a specific task activity. This can cause problems for students if they try to make sense of objects that do not replicate real-world objects. For example, in the virtual supermarket, some of the bottles had no labels or identifying marks, thus confusing the student and possibly causing a negative impact on the learning experience.
Reflection on the real world and previous use of the VE.
The VLEs did facilitate reflections on past experiences, but in different ways. In the virtual house and virtual supermarket, students talked about past times when they had done specific activities (such as going shopping or making coffee). The Makaton environment did not provoke any discussions about the real world, perhaps because the aim of this VLE is objectsymbol association, and there are not many real-world context cues.
Students also demonstrated reflection on previous use of the VLE by remembering the sequence of actions required to make the coffee or pay for goods at the supermarket checkout. Verbal reflections were given by some of the students with better verbal skills: ''I've been in this room before.''
Principle 6: Enable Content and
Context-Dependent Knowledge Construction. A recurring feature of the VLE should stimulate specific actions such as selection of an object, or choosing the correct sequence of events. (See Table 2 .) Providing these cues in context adds meaning to the task and aids understanding.
Selection Recalled or Instructed.
The actual number of selections made varied between the three VLEs and was greatest in the Makaton environment. (There was no difference between the number of teacher instructions to select in each VLE.) This could indicate that students are using some common attributes (e.g., a selection is always made by positioning the cursor and then pressing the mouse button).
Instruction Is Given for the Next Task.
There was a much higher rate of task instruction given in the Makaton environment than the other VLEs, possibly because it requires specific task performances that are not necessarily obvious or naturalistic to the student (e.g., use the mouse to select the Makaton symbols). The virtual house offers a much more varied range of tasks to be explored. These tasks may also be interspersed with difficult navigational challenges. In the virtual supermarket, there were the fewest teacher instructions as repetitive sequences of activity were observed involving selecting products, moving along the shelves, selecting another object, and so on.
Principle 7: Support Collaborative
Instruction. In the constructivist learning environment, the student should be allowed to initiate their own interactions and guide themselves through the process. The teacher should follow the students' attentional need, respond to their interests, and help to interpret the consequences of actions. (See Table 2 .)
Use of Models and Recasts, Direct Questions, and Mands.
The majority of models and recasts were used in the virtual supermarket and Makaton environment, as these target learning and recognizing the names of specific objects. There were also many direct questions that were used to test recognition of objects controlling the students' focus of attention. The virtual house contains a number of simple, familiar objects, so models and recasts were used to help the student to describe an action or situation. This also meant there were very few ''What is this object?'' direct questions in the virtual house.
Student-Teacher Initiations.
In all but one case, the teachers initiated the majority of the verbal interaction, guiding the flow of events and the subjects brought to the students attention. This dominant trend was due to the knowledge gap between the student and teacher. However, different teaching styles allowed some students to initiate more and have greater control over their own learning goals supporting constructivist principles.
Discussions.
The individual VLE did not seem to determine characteristics such as total rates of discussion and rates of teacher and child discussion. These trends had a strong connection with student ability. In almost all cases, there are equal amounts of contribution from the student and teacher.
Types of Interaction.
The greatest percentage of interactions recorded in each VLE were classed as supportive of constructivist collaboration. Some of the differences in collaboration were due to individual student abilities such as speech and comprehension abilities, but the stronger link is between teaching styles and type of interaction.
Degree of Collaboration.
The examination of excerpts of dialogue from the study showed the extent to which each VLE supports positive collaboration. The virtual supermarket was the most collaborative, with the lowest levels of teacher domination. Positive examples of collaboration allow the construction of knowledge.
Teacher: ''What is that for?'' Student:
''Washing.'' Teacher:
''That's right, washing clothes.'' The Makaton environment produced periods of guidance dominated by the teacher and then unguided activity, demonstrating a low degree of collaboration.
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Discussion of Methodology
Jonassen's principles of constructivism were used to structure a framework for evaluation of VLEs. Incidences of behavior that supported or opposed these principles were categorized, coded, and recorded.
The observation study supplied a myriad of information relating to the use of VLEs. Some differences between the VLEs were identified.
The virtual house supported many of the constructivist principles, although it did not support social and communication skills so well. Being the largest VLE, it provided the most scope for exploration. However, specific problems in navigation produced high levels of teacher control, thus decreasing the students' opportunity to discover for themselves.
The virtual supermarket supported a high level of reflection on the real world. There were also a lot of models and recasts, and much teacher assistance was given in reading and explanation, because the student was learning the names and functions of new items. The supermarket also enabled the most unaided exploration. Teachers took very little control over selection and navigation (with the exception of paying for goods). Therefore, this VLE supported most of the constructivist principles.
The Makaton environment did not show much supporting behavior in many of the categories. Particular examples were in reflection on the real world and student-led exploration and discovery of the VLE. It did facilitate the use of a high rate of models and recasts and a great deal of object recognition. This finding is important as it supports collaboration: the very essence of the Makaton environment is to teach communication skills. These differences largely reflect the different learning objectives provided by each of the VLEs. It is possible that constructivist principles may not be appropriate metrics for all VLEs. For example, the Makaton VLE is intended to be an abstract design to focus the students' attention on the single language concept being demonstrated. This must be done within limited real-world context to avoid confusion from the array of other objects in the natural world. A notable aspect of the use of the Makaton VLE was that teachers provided more instruction to the student. This, again does not support constructivist principles, but it may be more useful for learning than undirected use.
Furthermore, constructivist theory would support a completely student-led and -initiated approach. In practice, it was found that the teachers always provided some directive or instructional role. However, this is not necessarily a negative aspect to the use of VLEs for education. Without teacher initiation or instruction for the next task, a student may not progress through the VLE. When teaching SEN students, letting them take all of the lead may mean that they miss some important point of focus. The teacher's role in collaborating may also achieve more from occasionally taking a more behaviorist approach. In some circumstances, an eliciting prompt may stimulate the social negotiation of an important feature of the VLE.
In many cases, differences between VLEs may be obscured by trends in teaching styles. Some teachers allowed students to explore the VLE on their own, whereas others provided much more prompting and assistance. Therefore, it is difficult to obtain a true picture of the students' abilities by observation of their behavior and interactions with VLEs when these are being influenced by a mentor's idiosyncratic teaching styles. Furthermore, if teachers are too ready to provide assistance, and therefore take control over the VLE interaction, this will restrict the student's knowledge growth.
One of the overall findings, then, was that behaviors may be influenced by individual characteristics more than simply VLE design.
Individual student ability particularly affected:
• Their awareness of their position in the VLE • Whether or not selection or movement was instructed • Whether instruction was given for the next task • The student's contribution to collaboration, discussion, and initiations Individual teaching styles particularly affected:
• How much of the movement was directed • Who initiated and how much of the discussion was teacher dominated
The study was not specific and detailed enough to detect all relationships between the use of the three VLEs with respect to the constructivist principles considered. A number of recommendations can be made for future study.
1. Many of the behaviors observed were taken to infer certain plans or causes. The causality may have been made clearer by getting the student to narrate their actions more often. 2. The students' opinions of the VLE, questioned after use, may provide some insight as to which VLE they found the easiest to use, the most difficult, and their favorite. This may indicate whether the VLE is appropriately complex and may explain some of the behaviors observed in the use of the VLEs. 3. The collaboration could have been investigated in much more detail. Help requested and offered could have been distinguished. This may provide an insight into how much help the students actually need to progress through the VLE and how willing the teacher is to instruct and control the exploration. Instances in which the teacher praises the student may also be recorded. Frequent occurrences may indicate that the VLE does not provide enough of its own stimulation to motivate certain actions. 4. The recorded dialogue could have been analyzed in more detail. Distinguishing when and where help was requested and offered may have provided an insight into how the environment supports constructivist principles. Recording instances where the teacher praises the child may highlight areas in which the environment itself does not provide sufficient motivation or reward. 5. Other measures that might be more appropriate for VLE evaluation include the incidence and causes of frustration/anger, the time taken to complete task, and the time that the task holds the students' attention.
Although the information gathered in this study was not sufficient to provide an understanding of the theoretical basis for the value of VLEs, the study does highlight features of VLE design and presentation that affect use. From these, guidelines for VLE design can be produced.
Recommendations for VE Design
The designs of each of the three VLEs were assessed with respect to their complexity and representation of real-case scenarios. Overall, the virtual house seemed to best represent the complexity of the real world. Its tasks, although mostly simple one-step tasks, were the most varied. The most complex task, making a cup of coffee, followed a realistic sequence of events. The virtual house also had a number of rooms that could be explored. The virtual supermarket did most closely resemble its real-world counterpart, displaying some authentic brands of products. However, programming shortcuts led to some products without labels or identifying marks, which caused unnacceptable confusions for students.
Observation of user behaviors to support constructivist principles-and consideration as to whether or not these behaviors are desirable-have produced the following general recommendations for VLE design.
1. The complexity of tasks in all of the VLEs should be increased to the levels experienced in the real world. This may increase the length of time spent concentrating on the VLE. They would then facilitate learning for a wider variety of abilities and would not cause so many misunderstandings. The teaching method can make the same task suitable for lower-ability students by subdividing goals. For example, for making a cup of coffee in the virtual house, a one-step task could be to turn the tap on, and a two-step task could be to fill the kettle, etc. 2. The design of all tasks should not make the process more difficult than is experienced in the real world. Frustration occurs if action effects are not as the user expects. For example, clicking on money in the supermarket does not move coins. By more closely mirroring the real world, the task of paying in the virtual supermarket could be easy to understand. The task could allow the user to see which coins had been chosen by having them represented on the screen. The selection of products in this world causes confusion as it allows selection from a long distance. Also, when products are selected, they do not disappear from the shelf. 3. Representing the general environment more realistically may aid position awareness and increase reflections on real-world activities in the virtual house. This could be done by adding more effects such as pictures on the walls, items in cupboards, etc. 4. Task performances in the Makaton environment are not obvious or naturalistic. In the supermarket, they are easy to learn because they are repeated (e.g., identify item, move to shelf, select item, move along). Presenting the objects of the Makaton environments in more context-related settings may aid the transfer of object recognition. 5. Allowing the user to interact with and manipulate more objects in the VLE may increase awareness of action effects and decrease nonspecific selections. 6. Students will be unable to demonstrate their knowledge if they cannot navigate through the VLE. Restricted movement space is difficult to navigate and leads to user frustration. Movement should be simplified in key areas such as positioning the shopping cart and maneuvering up and down stairs and through doors.
These examples are by no means exhaustive. A more detailed examination of the individual VLEs would allow more specific recommendations for design guidelines.
Conclusions
This study deliberately examined three very different types of VLEs used for SEN students. It has been found that the VLEs support constructivist principles in very different ways. From this, we can comment on the utility of the constructivist principles for assessment of VLEs and highlight aspects of VLE design that are suitable for SEN students.
1. VLEs would appear to offer great value in specialneeds teaching. It has been seen that students can learn to use the input devices to control VLEs and that this use encourages self-directed activity. Students did demonstrate learning of common features of VLE use (e.g., selections are made by positioning the cursor over objects and pressing the mouse button). Overall, the students demonstrated high levels of attention, particularly when they were not aided in the exploration of the VLEs. This implies that they found the VLEs to be enjoyable and were motivated to explore and use them. Moreover, for students within the higherability ranges, there is some evidence that skills learnt in a VLE do transfer to the real world. 2. The different VLEs examined in this study meet the constructivist principles in very different ways. The virtual supermarket supported most of the constructivist principles, especially reflection on the real world and unaided exploration. Conversely, the Makaton environment supported fewer of the constructivist principles. What it did support was collaboration between teacher and student, especially important in a VLE aimed at teaching communicational skills. The virtual house supported more of the constructivist principles, but relied more on teacher control due to the higher levels of navigation that were needed to access all of this environment. These differences are due to the differing learning objectives within each VLE. 3. Constructivist theory would support completely student-led approaches to collaborative learning. We have, however, found that, in special education, it can be beneficial for the teacher to initiate a more behaviorist approach in some instances. 4. It was not only VLE design but student and teacher behavior that influenced the results of this study. This prompts the need for research into an appropriate curriculum for use of VLEs in special education. 5. Constructivist theory provided a useful framework upon which to structure this evaluation study. However, it only provides a limited metric by which to evaluate the use of VLEs in special education. A much fuller understanding would include the other components of particular relevance to special education. VIRART are currently investigating the following issues:
• Usability: Ergonomic assessment of input-device design, VLE design, and modes of output to support the user.
• Enjoyment: Case-study information to provide student opinion of enjoyable and easy-to-use VLEs.
• Skill development: The design of VLEs in partnership with user and focus groups to develop independent living and communicational skills.
• Transfer of training: An experimental program to determine guidelines for VLE design and use that promote skill transfer. 6. Specific recommendations for VLE design, summarized in Table 4 , fall into four general categories: (1) Altering task complexity to more accurately represent the real world; (2) Increasing the complexity of the environments should aid position awareness, increase reflection on the real world, and increase opportunity for recognition; (3) Allowing the manipulation of more of the objects in the environment should increase awareness of the effect of each action; and (4) Making navigation more simple should allow the student to lead discovery and decrease feelings of frustration. Pictures on walls.
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Display groups of brand types for each product. Authentic labels on all products.
Display items in context.
3 All identical items can be manipulated in the same way (e.g., cupboard doors).
Selection allowed of more than one of each item.
Allow interaction with more objects on right-hand side of screen.
4 Simplify navigation on stairs and going into rooms.
Simplify navigation to checkout desk.
